The average expected duration of human life is rising because of different reasons. On the other hand, not only the duration, but the quality of life level is important, too. The higher the quality of life level, the citizens' happiness and satisfaction levels are higher, which has positive impact on the development and operating of an economy. The goal of this paper is to identify groups of European countries, using statistical hierarchical cluster analysis, by using the quality of life indicators, and to recognise differences in quality of life levels. The quality of life is measured by using seven different indicators. The conducted statistical hierarchical cluster analysis is based on the Ward's clustering method, and squared Euclidean distances. The results of conducted statistical hierarchical cluster analysis enabled recognizing of three different groups of European countries: old European Union member states, new European Union members, and non-European Union member states. The analysis has revealed that the old European Union member states seem to have in average higher quality of life level than the new European Union member states. Furthermore, the European Union member states have in average higher quality of live level than non-European Union members do. The results indicate that quality of life levels and economic development levels are connected.
Introduction
The quality of life variables started to be officially observed in the sixties and early seventies of the 20th century (Noll, 2004) . Since then many scientist at different institutions have been observing the quality of life level using variety of different indicators. Usage of many indicators to describe one composite phenomenon, such as the quality of life, illustrates the complexity and issues in setting unique definition of what quality of life is. This problem is present at both, countries and local levels, too (Greenwood, 2001 ). So, the research question is, are there some differences in quality of life levels between the old and the new European Union member states or not. In addition, it is a question, are there some differences in quality of life levels when the European Union member states and other European countries, which are outside of the European Union, are compared. Consequently, the following research hypotheses are formed:
H1… The old European Union member states have in average higher quality of life level than the new European Union member states.
H2… The European Union member states have in average higher quality of live level than non-European Union member states.
After brief introduction, data and methods used are described in the chapter 2. In the chapter 3, descriptive analysis and outlier detection of seven selected quality of life indicators are conducted. According to selected quality of life indicators, 34 European countries are clustered using statistical hierarchical cluster analysis in the chapter 4. The comparison of quality of life levels between old, new and nonEuropean Union member states is conducted.
Data and methods
The quality of life should be examined by observing different variables that cover all aspects of life, having significant impact on its quality. Therefore, here are allocated overall seven variables or quality of life indicators, and these are: the Purchasing Power Index, the Safety Index, the Health Care Index, the Consumer Price Index, the Property Price to Income Ratio, the Traffic Commute Time Index, and the Pollution Index. All selected variables are objective quality of life indicators, which should ensure high comparability in the future studies (Noll, 2004 , Georgiou, Hancock, 2009 ). In order to select the variables the European Union, the results of Survey on Income and Living Conditions (EU-SILC) was studied (Insee, 2010) . Since only objective quality of life indicators were selected, the following four objective quality of life areas were covered: living conditions, economic strain, health, and working conditions. In comparison to EU-SILC, the following three subjective quality of life areas were not covered: social networks, social participation, and education (Smedt, 2015) . In Table  1 , the list of selected quality of life indicators according covered quality of life areas is given. Despite of the small number of included quality of life indicators, and omitting of subjective quality of life indicators, it is believed that selected variables together will ensure a quite good quality of life level estimation in a country. The Purchasing Power Index gives relative purchasing power of goods and services of residents in a country for the average wage in that city. Originally, this measure is given at the city level. Therefore, the used base for indices values comparisons is New York City (Numbeo, 2015a) .
The Safety Index is an estimation of overall level of safety in a given country. The Safety Index is standardized on scale from 0 to 100. If the Safety Index is closer to 0, the residents consider their country very unsafe. On the other side, the high Safety Index values show that observed country is considered to be very safe (Numbeo, 2015b) .
The Health Care Index shows the overall quality level of the whole health care systems in a country. The Health Care Index is also standardized into the [0,100] interval. The closer the value of the Health Care Index to 100, the higher the health care system quality level by residents is considered (Numbeo, 2015c) .
The Consumer Price Index is a relative indicator of consumer goods price. It includes groceries, restaurants, transportation and utilities, but does not include accommodation expenses. As the Purchasing Power Index, the Consumer Price Index values are also compared to the New York City (Numbeo, 2015a) .
The Price to Income Ratio measures the apartment purchase affordability in a country. It takes into account net disposable family income, which is estimated as one and half of an average net salary. In addition, it is assumed that the size of an apartment is 90 square meters, which price per square meter is defined as an average of the apartment price in the city centre and outside of the city centre (Numbeo, 2015e) .
The Traffic Commute Time Index shows average one-way time needed commuters to travel from home to the job, or vice versa. The Traffic Commute Time Index is expressed in minutes (Numbeo, 2015f) .
The Pollution Index is used to estimate the overall pollution in a country. The Pollution Index includes many pollution types, but the highest weights are given to air and water pollution. Because of easier interpretation, the Pollution Index can have values from 0 to 100. The lower the Pollution Index value, the lower the pollution level is considered (Numbeo, 2015d) .
The data for all seven observed quality of life indicators are collected for overall 34 European countries in 2015 (Numbeo, 2015g) . The research includes 14 old European Union member states (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, the United Kingdom), 11 new European Union member states (Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, Slovenia), and 9 European countries which are not European Union members (Belarus, Bosnia and Herzegovina, the Former Yugoslav Republic of Macedonia (FYROM), Moldova, Norway, Russia, Serbia, Switzerland, Ukraine). Firstly conducted, descriptive statistical analysis includes outliers detection.
According to Jain (2010) , the cluster analysis is the formal study of methods and procedures for grouping the objects according to measured intrinsic characteristics or similarity. In this paper, the hierarchical clustering is applied. In the agglomerative hierarchical procedure, all objects are initially put in separate clusters. According to difference size between objects, in the next step(s), they are joined into the new cluster. In the final step, all the objects are in the same cluster. In clustering the Ward's method and the squared Euclidean distances are used (Everitt, Landau, Leese, 2001) . After that, the clusters means for each observed variable are calculated with a purpose of comparing the quality of life levels between clusters.
Descriptive and outlier analysis of selected quality of life indicators
Each quality of life indicator is focused on only one, often very narrow, quality of area. Consequently, different quality of life indicators lead to different ranking of countries. In other words, using one quality of life indicator a country could be very good placed, and it can be stated that residents in this country have high quality of life level. On the other hand, another quality of life indicator value could lead to conclusion that the same country has low quality of life level. In Table 2 , top five European countries with the highest achieved quality of life level according to seven selected quality of life indicators in 2015 are listed. Country rankings, given in Table 1 , confirmed that each quality of life indicator different ranks countries according their quality of life level. Still, it can be noticed that some countries are appearing more often in the top five ranking than the others. The most number of ranking in top five European countries according to the quality of life indicators has Denmark, which appeared there four times. Austria, Estonia, Germany, Sweden and Switzerland have been ranked three times in the top five European countries according to observed quality of life indicators. Table 2 the countries are ranked from the highest quality of life level to the lower one. In Table 3 , countries are ranked from the lowest quality of life level to the higher one. Box-Plots, given in Figure 1 , have shown that there only one data may be considered as an outlier. According to the Traffic Commute Time Index commuters in Russia in average spent 47.08 minutes in one way commuting. That is 3.16 standard deviations more than the average one way commuting time is in observed 34 European countries. This result suggests that Russia should be omitted from the further analysis. Still, it has been estimated that this outlier should not have serious impact on the results of the further analysis. Because of that, it has been decided not to omit Russia.
Hierarchical cluster analysis of selected European countries using selected quality of life indicators
In order to group countries according to theirs quality of life levels, the statistical hierarchical cluster analysis approach is used. The analysis was performed using the standardized values of all seven observed quality of life indicators, the Ward's linkage, and the squared Euclidean distances.
The dendrogram of conducted hierarchical cluster analysis is shown in Figure 2 , whereas the members list of each cluster is given in Table 5 . If the linkage distances are observed, according to the dendrogram in Figure 2 , three main clusters can be recognized. Furthermore, the solution with three clusters is chosen because of an intuitive interpretation of clusters. In that way differences between clusters with high quality of life level countries, medium quality of life level countries, and low quality of life level countries are recognised. However, it is not known which cluster contains countries with the highest quality of life level, and which one with the lowest quality of life. Because of that, the quality of life indicators means for countries in each cluster are calculated, as shown in Table 6 . The three separated clusters of countries are labelled as clusters A, B and C. If the clusters means are observed, countries in cluster A are, according to quality of life level, ranked on the first place at four observed quality of life indicators. The countries in cluster A have in average the highest consumer prices (according to Consumer Price Index). Also, these countries have a little bit less safer environment and a little bit longer average commuting one way time than the countries in cluster B (according to Traffic Commute Time Index). Nevertheless, in general, it could be concluded that countries in cluster A have the highest quality of life level in compare to countries in other two clusters. From 13 countries in this cluster, there are 11 old European Union member states whereas two countries are not the European Union members. Because of that, it has been concluded that this cluster is representing old European Union member states, and so, it will be observed in the further analysis.
If the Traffic Commute Time Index is observed, it can be concluded that countries in cluster B have the lowest average commuting one-way time. Furthermore, the safety level in average is the highest in countries that are in cluster B. At all other observed quality of life indicators, countries in cluster B are placed on the second place. Consequently, it can be concluded that countries in cluster B have medium quality of life level. Cluster B is consisted, in vast majority, of 10 the new European Union member states. In Cluster B there are three old European Union member states also. Consequently, this cluster is going to represent this group of countries in the further analysis.
Obviously, countries in cluster C have the lowest quality of life level in comparison to countries in previous two clusters. The only thing, which is positive in countries in cluster C, is that, according to Consumer Price Index, they have in average the lowest consumer prices. The cluster C includes seven countries, which are not the European Union member states, and one country, which is the new European Union member state. Because of that, it has been decided that this cluster is going to represent the group of countries, which are not European Union member states (yet).
According to conducted ranking, which is provided in Table 6 , it can be concluded that the old European Union member states have in average higher quality of live level than the new European Union member states. Furthermore, it can be said that the European Union member states have in average higher quality of live level than non-European Union member states is true statement. Regarding given results it can be concluded that both research hypotheses could be accepted. However, in order to make conclusions, some additional analyses must be conducted and presented in the following chapter.
Comparison of attained quality of life level between clusters of countries
The conducted statistical hierarchical cluster analysis grouped countries into the clusters and enabled making some initial ranking of countries according to their quality of life level. In order to determine if there are statistically significant differences for given average values of identified clusters, the ANOVA analysis was conducted (Table 7) . Table 7 One-way analysis of variance based on clusters means of selected quality of life indicators, degrees of freedom for numerator 2 and for denominator 31 In one-way analysis of variance tests under the null hypothesis it is assumed that all sample means are equal whereas under the alternative hypothesis it is assumed that there is at least one sample mean which is statistically significant different than the others (Field, 2009 ). Under the null hypothesis here, it is assumed that all cluster means are equal observing each quality of life indicator separately.
According to the results of one-way analysis of variance, at significance level of 5%, it can be concluded that there is no statistically significant difference in means between clusters when the Safety Index and the Traffic Commute Time Index respectively are observed. At all other quality of life indicators, at significance level of 5%, there is at least one cluster mean, which is significantly different than are the other means.
The conducted one-way analysis of variance has shown statistically significant differences in quality of life level at five from seven quality of life indicators. The problem is that the one-way analysis of variance cannot show which means are different. Consequently, the clusters cannot be ranked according to their quality of life level. Because of that additionally have 95% confidence intervals for means for each cluster and observed quality of life indicators constructed and shown in Table  8 . The calculated 95% confidence intervals for clusters means are mutually compared. If the 95% confidence intervals for cluster means at certain variable are overlapping, it has been concluded that there is no statistically significant difference in means between these clusters at that variable. The one-way analysis of variance results are confirmed by overlapping means of all three clusters at the Safety Index and the Traffic Commute Time Index. The 95% confidence intervals for clusters means are not overlapped at the Purchasing Power Index, the Health Care Index, and the Property Price to Income Ratio. At the Consumer Price Index, 95% confidence intervals of means at clusters B and C are overlapped, whereas at the Pollution Index 95% confidence intervals of means at clusters A and B are overlapped.
In order to make final conclusion about the first research hypothesis 95% confidence intervals of means at clusters A, in which are the old European Union member states, and B, in which are the new European Union member states, are compared. At the Safety Index, the Traffic Commute Time Index, and the Pollution Index 95% confidence intervals of means at clusters A and B are overlapped. These results suggest that there is no statistically significant difference in quality of life level when those quality of life indicators are observed. At the Purchasing Power Index, the Health Care Index, and the Property Price to Income the 95% confidence intervals of means have shown statistically significant higher quality of life level in cluster A in compare to the cluster B. On the other hand, the 95% confidence intervals of means at the Consumer Price Index favours more cluster B than cluster A. All in overall, it can be concluded that the old European Union member states have in average higher quality of live level than the new European Union member states. In other words, the first research hypothesis has been accepted.
The second research hypothesis is going to be inspected by comparing 95% confidence intervals of means of clusters A and B, in which there are European Union member states, with cluster C, which represents non-European Union member states.
Like before, it was seen, at the Safety Index and the Traffic Commute Time Index 95% confidence intervals of means of all clusters are overlapping. Therefore, there is no statistically significant difference in quality of life levels in European Union member states and non-European Union member states if only those two quality of life indicators are observed. The Consumer Price Index 95% confidence intervals of means show that the quality of life level is higher in non-European Union member states than in European Union member states. However, the remaining quality of life indicators show that the quality of life level is higher in European Union member states than in non-European Union member states. Consequently, the second research hypothesis is accepted, which means that the European Union member states have in average higher quality of live level than non-European Union member states.
Conclusions
From their beginnings, people are striving to achieve higher quality of life level. Unfortunately, the differences in quality of life levels are dramatically high when countries around the Globe are compared. It is not necessary to make global comparison to see the huge differences. The problem of unequal quality of life level is also obvious when only European countries are observed.
The quality of life level could be measured by using different data and different analysis approaches: firstly, by using many different variables in order to group them and get meaningful units, and then making conclusions about the achieved quality of life levels, and secondly, by using of parsimony approach, with carefully selected variables, which can successfully describe the quality of life in a country, too.
In this paper, the second approach was applied and therefore seven quality of life indicators were used to determine quality of life levels in 34 European countries. These research settings are different from previous research, and, because of that, direct comparison of results is not possible. Using hierarchical cluster analysis three clusters of countries were recognized: the old European Union member states, the new European Union member states, and the non-European Union member states. Conducted one-way analysis of variance and confidence intervals of mean have shown that in average the highest quality of life level is in the old European Union member states. On the other hand, in average the lowest quality of life level came out to be in non-European Union member states.
In this paper, only selected 34 European countries were observed. Because of that in further research, all European countries should be included in the analysis. Another limitation of the research is that only data for 2015 are used. In order to get better insight into the quality of life levels, it is recommended to observe theirs developments in European countries through the time for, at least, ten consecutive years. The main limitation of the paper is the restricted selection of the quality of life indicators. The subjective quality of life indicators should be taken into account in the further research, too.
